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frost warnin were a. ain issued for upper Michigan and 

were art,inlly verified. On t,he 30th frost warnings were 
issuecf for eastern upper Michi an, lower Michi an, 
India.na, and northern and centra 5 Ohio and were B ully 
verified, escept over northern Michigan. At this time 
(31st) high ressure and low teniperature revnilecl over 

for t,he east.ern and southern portions of West Virginia, 
but they were appnrent,ly not verified. 

Ckica.qg0 District.-Frost warnings were issued for the 
cranberry niaishes of Wisconsin on the lSth, 24th, 25th, 
26th, 27th, 39t.h, and 30th : also, on tlie 3Sth, frost being 
indicated for the night of t.lie 29tli-3Oth, an advisory 
wmniiig was issued apprising the cranberry growers of 
that fact, so ns to prevent the water being drawn off from 
the bogs on the 28th. The waiiiin s of the ISth, 36th, 
27th, SSth, and 39th were fully verikd, while that of tho 
30th was pnrtislly wrifiod. 

Warnin s of light frost in esposed places of the low- 

the 24tli, but cloudiness prevented frost formation. Nu 
special warnings were sent to the tobacco l e  ion after the 
24th, due to t,he fact talitit this office was i d r m e d  on the 
25tmli that tobacco cut within about 10 days of that dato 
would be ti total loss, as t,he crop was immature on ticcount 
of the unusually cool suninier.-Chas. L. iWitchel2, Asst. 

Frost warnings for tlie several States were issued as 
follows : 24th-esposecl places in northenstem Mime- 
sota; 25th-northern Minnesota and northeastern North 
Dakota; 26t.h-e~t,eiii North Dakota, north ancl central 
Minuesotn, ancl lowlnnds of Wisconsin; 2Sth-North Da- 
kota, northmesturn Minnesotas, estrenie northern S0ut.h 
Dxko t n, m d  ncwthwost.ern Wyoming. 

Tho wsrniiiu of tlie 34th failoil of verification, while 
that. of tho was fully, and trho: -e of the 3Gth t ~ ~ l c l  3Sth 
were partidly verified. 

The st.orni wariiiiiw in the NCW Orleans district are 
corcre(1 in tlie apc.c:is7 report cjii the lvest, Inclian st.orrii. 
No spei:inl warnings were issucd in t.he Denver (Colo.), S:m 
Francisco ( C d . ) ,  nnd PortlaLiicl (Oreg.) di:<t.rict.s, escept in 
tlie latter, where fire wind " forec:wts were issucd t,o 
dviintnge on the 1Stli. 19th, 20t.11, nntl 31st.. 

northern an I T " T  western ower Michigan, and the warnings 

the Ohio Vn P ley niicl frost warnings were t, R erefore issued 

lands of t f le tobacco region of Wisc,onsin were issued on 

' Forecaster. 

' 

2. . .: 
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THE TROPICAL STORX OF AUGUST 10, 1916. 

Ey I T .  C. FRANKENFIELD, Prcjfessor of hIeir.iin 11ngy. 
[I wtt.cd: \Ve%l.!icr Bureau, Wadi., Sept. '75.1 

SOME HISTORICAL DATA. 

Records of West, 'Inclinn hurriciines are availdde, at  
least as to biiiie and locality of occurrence, as far hack 
as 1493, and froni t.h.?t, venr to t.he present 493 stmornis 
were noted, a.n average 02 little more t.lian one each year. 
The great st.orins t.hat r e d i e d  the 'United States were, 
of course, not wry  niinierous, yet t,liey occurred with 
sufficient,, t;hough very iiwguliir, periodicity to wa.rrant 
the rcasonnble espwt.:it.ion of one crery few years. 
Severe tropical st.ornis visited Gnlvest,on in the years 
1534, 1S3i, lS-47, 1S54, 1Y66, 156'7, lS75, 1SS6, 1900, 
1909, tmil 1915, :ind t.liosc? of 1900 niicl 1915 wcre hy f a r  
the iiiost, violent. The inore severe tropicii.1 stmornis of 
recent yeim in thc United States were: 

1. The Atlantic cvast. st.l:lrni of Auqiist., lY73. 
2. TLW Atl:mtic coast stinmi of Seiitember, 1si-I. 
3. The Texas storm of September, 1875. 

4. The At.lantic coast storm of September, 1SiG. 
5. The Atlantic mast storm of October, 1S77. 
6. The Atlantic mast storm of September, 1575. 
7.  The Atlantic mast storm of October, 1S78. 
8. The Atlantic coast storm of August. 1870. 
9. The South dtlantic cnast storm of August, 1581. 

10. The Gulf and At.lant.ic m i s t  storm of September, 1SS". 
11. The Atlantic sh rm of September. 1SS3. 
12. The South At.lxiit.ic const. s t m n  of .4ugust, 1886. 
13. The TCLW coast. siurm of August, 1SSti. 
1-!. The At.1ant.k cowt stijrm of November. 1PS5. 
15. The Atlantic st.orm of Rcptcn~ber. lSS9. 
It;. The South Atlant.ic roast s t i r m  id August. 1P93. 
17. The (iulf st.iinn of Oclnlwr, lN3. 
1s. The Atlantic const st.orm o f  Octa-nber, 1874. 
.L9. The At.lantic comt atirm of Septctmber, 1XYG. 
20. The Pmtu Rico st.orni of August, 1W. 
31. The Galveston t h r m  of September, 1:lOO. 
22. The Gulf storm of August, 1!101. 
23. Tlie Fluridx dorm of Srptembcr, 1303. 
24. The Gulf storm of September. lti06. 
25. The Pouth Atlant,ic st,tIrm uf October, 1!10ti. 
26. The west. Gulf storm of July, 1009. 
27. The Gulf st[.trm cif Se tember I:tO9. 
2s. The Mlantic Rtorm cfoc.t.lIb&, 1tiO:i. 
29. Tlie At1aiit.k stl.lrni (d Oct~.~I:ier. I!iiO. 
30. Tlir Stiiith Atlantic st.clmi uf Au::ii:-t, 1!111 .  
31. Tlie G:tlf  C'tIlriu id  Augist., I I I G .  

, l  I he cnusxt.ioii of t.ropic.:d storiils is souicwhnt a uintter 
of conjocturo iiiicl t,liwry. 'flit sul~jet*tv litis been more or 
loss fuily iliscussotl 1.))- i i i n i i~  w i  :CJS. Init, no thing has 
heon cvolwd in very rwcn t yctirs t.il;Lt. is in ccmflict with 
the t,heory aclvniiced by Prof. k'. H. Bigelow,' which is as 
follows : 

Hurricanes occur in the soritli ?ablerii pwtr of 1113 United Staka and 
djacent witers during the 8eusoli of thu yr.iir  hen the cooling of the 
Northmi Hemisphere tak?s pl;ice :IS r11e s1iil retreats toward the 
Bouthtwi IIeniisphen). At. th1.r s e m i  rhc: calm belt of the Tropics 
niid the hc.irtet1, moist ro i i r l ih l  of the air in the re,$on known as the 
doldnims are s t  their f r thmt  iiort111:r:i limit,. The South dtlantjc 
permment anticyrloiie. whi14i lies w u r  ths eubt.ropica1 oceaii, IS 111 
its fullest. vigor. Now, suyl:lyosod upon these states of the lower at- 
moqphrre, the colder teinpcmt.ni~s of th.j uppi?r atmosphere, caused 
I J Y  the qJpriJ:ia:liing iLlttlilllil, uii :tccuin).t id tlie more rapid circulatioii 
highcr 111). owmpreud the rrupic strittn near the siirface. As the polar 
air coclls first., it  tlows grsduully itbuve t.he \varnier air at the south of it 
iiear the gromd, and cowrs it with a circu!ating sheet of temperature 
cool or low fur the t h e  of p i w .  The effect of all this is to make the 
atmosphere unst,ablc, ths1 is t.o my, t.oo witmi at tlie bottom. compared 
with that. above it, t.o be able to ni:iint.aiii the usual equilibrium. The 
tondciicy is. therefore, for the I~JWCT :iir to rise vigurously and burst ita 
way upward by coni-ection, i n  orclcr that the nornxi: eqiiilib,.ium may 
be restored. O f  course, this act,ioli is fzvorable to the formation of 
cyclonic gyrdons  and t.he dewlopmcwt of severe storms. Iiurricanes 
seem to generate in some such way as this, t.hough our observatione are 
as yet inconclusive on that point, since t h x e  i A  always observed to be 
a s t ap in t ,  warm concLtion over t.he ocean .at the time the incipient 
cyclonic act,ion begins. It. is to be eepecially coneidered that the 
isotherms in  hurric:uic*s do not show any very decided differences 111 
t.emperat.am 011 oppcwite sides of the csut.rr, mch as alwnys pruvail in 
the cyrlones of t.hc north. There are no counter-flowing currents hare, 
:ind no source is knoirn from which these can arise in !.he equatorial 
region to produce the marked teniperatiirc gradielits found in cyclones. 
Further~ore,hnrricanos are much more circular in s h p e  and conform 
nioro esartly to the pure theory of cyclones as derived from the mathe- 
11fiIiiiyd analysis. 

11 very large ma'ority of thc hurricanes of which there 
is record, occurrec JI during tlie autumn or pre-autumn 
season, in accordance with the dmve, hit a considerahle 
nuiiiber occurred in July, and soiue during the earlier 
months of tlie year, oven in the wintcr. Those, horn-ever, 
were rohably clue to soiiie in tensific:it,ion of the usual 
contritutory causation, ancl wore not in conflict with the 
general idea. Again, the hurricanos of blie wint.er, spring, 

1 Featirres of IIurricanes, by Prof. F. H. Bigelow. Year Book, Department of A@- 
culture, 1888. 
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and early summer are not usually of marked character, 
although some of the July ones were as violent as t,hose 
of the autumn. 

As to the place of origin of tro ical stornis, i t  is probably 

Garriott: 
Aside from the fact. t.hat t.hey conimonly emerge from t.he regiwi 

of equat,orial rains, which lies between the Lessvr Antillrs and ihe 
African coast, little is k n o ~ i i  regarding the place of origin of ]\est 
Indian hurricanes. It hzs seemed allowable in instances to .zFsunie 
that storms which have been encountered by vessels far to the enst- 
ward of the Lesser Antilles have subsequently visit.ed the ]!'est Indies, 
but owing to t.he very meager amount of data which has been received 
from the tropical ocean such assumptions are not sueccptible of detinit.e 

roof. I t  is not improbable, however, that some of t.he West Indian 
iurriranes ori-inat.e over t.he mid-At,lant.ic tropics and ex*en well over to- 
ward theCape%erde Islands. The latitudinal limits of t he region withiii 
which these stornis originate may he szfely represented bv the pardlels 
of So and 30° north, and it is believed t.hat they have theh origin along 
the line of the sout.hern limit of the northeast trades. As the simmer 
advances the N0rt.h At,laiitic area of high baromet.er settles southward 
over the east.ern dtlantic, forcing the liniit of tho t.r:ide windB south- 
ward, and causing hurricanes fo form farther and farther to the west.- 
ward until pctobcr. when t.hey dwalop or originate over the c ~ s t ~ r i i  
(!aribbeaii Hen or but a lit.tle distance east. of the Lesser Antilles. 

Later yews have added but little of value to our knoml- 
edge of tlie subject. Those who desire det.ailec1 inforiurr- 
tion as t.0 hurricanes and their paths are referred to t,he 
public.ations of Profs. Bigelow and Garriott, carlicr men- 
tioned, and also to the works of Prof. Oliver I,. Fassig 
of the Wsatlier Bureau, and of Father Bcnit.0 Vifilcs.4 

best to yuot,o again, this time B rom the M e  Prof. E. B. 

PATHS OF TnOPICAL STORMS. 

The aths of tropical storms roughly follow the enerd 

and from west to east in the more northern latitudes. 
'fiey usually pursue a west t'o northwest path, recurve, 
and then move northeastward. Many, of course, do not 
recurve at  all and are dissipated. As 'to the point of 
recurviiig, it appears to be well to again quote from Prof. 
Gtlrriott : 

The recurve of stornis in  the West Indies and over the Gulf of Mexicw is 
dppeilden t upon general nietmrologlyal conditiolis. and more e s y j a l l y  
upon the distribution of atmospheric pressurc. The ant.icyc onic or 
high-preasure area of ihe N0rt.h Atlantic Ocean lies northeast of t.he West 
Indies. and causes east to northeaet winds over the southern part. of the 
ocean and the Chribbean See. The storms that develop in  the rqioRi0Ii 
east of t,he West Ii:dies, and also t.hose of a more western origin, have 3 
tendency to follow the couwe of the main equatorial ciirrnnt. ovor the 
Caribbean Sea. This coiirse is doubt.less largely iiifluencxl by the 
general drift of the atmosphere in  t.hat region, and, following thr? a i d -  
cyclonic circulation of winds, the hurricanes skirt the west.ern qii;tiI- 
rants of the Atlantic high area. and, carried by t.he general drift of the 
atmosphere, follow paths which recurve north and nort,henst.wsrd negr 
tho southeastern cauts of t.he United Stat,es. -4s a majority of the 
hurricanes traced followed t,he course indicated, it may be considered 
the usual course of West Indian Rtornis when the usual meteorolngical 
conditions obtain over the southern and southwestern North Atlantic 
Ocean and t.he eastern part of the United States. Some of the more 
importiaiit storms t,hat originate near the West Indies do not recurve to 
the northward, but move westward over the Gulf of Mesiro and dissi- 

ate over Mexico or the Sout.hwesterii States. In such cases high E arometric pressure to the northward appa redy  prevents a recurve. 
to Prof. Fassig's computations the ni~a i i  

paths for $une and July originate between latitude 10" 
and 15" N., and do not recurve until )hey reach about! 
latitude 27.5" N. in longitude 86.5" W. (east-ceiit,ral Gulf 
of Mexico), whereas the mean paths for August, Septeniber, 
aiid October originatc north of latitude 15" and recurve 

atmosp P ieric circulation, from east to west in the fropics 

Accordin 

3 West Indian IIurricanes. Washington 1900 (Weather Bureau Dulletin TT.) 
I Hurricanes of the West Indies. I3ullrti;l S, kesther Rurrau. 1913. 
~Crclonlr Circuistion and tho Transiat.i~rg No\ ement 01 Wast Iiidirrn ITiirrlcsn~a. 

Washington 1mS. (Weather Bureau No. 16s.) 

(Weather Buwau Bulletln A.) 
6 8um-i 01 lntet+ional Meteorological Observations. Washington, 1S93. 

over Florida or the adjacent ocean, the August one on 
the west coast, the September one over southsrii Florida, 
and the October one at  a point just touching the extreme 
southeast coast, but with a nioveiiiont much n i o r ~  toward 
the east. It is a fact? however. thrit SOlJiC of the most 
violent storms move us fur \vcsta :IS t.liia 'I':.:::i.s const before 

clearly that tht! prohdii1ii.y of r w i i r w  :tiid t,lie point o 9 recnrving, notably t h s n  of 1 WC) itud I!) 15, indicatiu 

rccurviiig .zit! goveriietl a l i m s i ,  P I  direly Iq- the pressure 
distribution to thr! iiorthn-ind. 

TIlE STORM OF AUGUST, 1915. 

The meteorologicnl history of this storm wm discussed 
in a specid bullvbin issuod by tlic Wwthur Bureiiu, and 
the dcscription lierewith was co lied from that bulletin. 

show the p d i s  of tlic st>oriiis of 1ODO and 191.5, niid also 
tlie pressure c,oiiclitioiis that mm~ilocl during the passage 
of tlic storm of 1915. Clirwts 1 or S a. ni. only, i~ro shown for 
tho pcrioil from August I C  t'o 1-1, iiic..lusiv~~, while both the 
S a. 111. aiid S 1'. in. c1i:irts n.rc rqmduced fu r  the period 
from S n. 111. August 15 to S 1). 111. August 17, inclusive. 

When tlie storiii pss(:d iulitiil frrm t,he 'l'esas const, 
c>l~serv:ttkms tmmiic avnilahln giving for t h  first time tho 
l>aromt!tric 1mw.urt? at  the approsiniii t>c center nncl closely 
adjacent Imints. Tho lowest pressure n t  Houston, Tex., 
wtis 3S.3 '~ inches, iind it is f i r  to assunie that the 
prossure at. thc center of the storm throughout, its journey 
ticross t,he Gulf of Mcsico was at  1r:wt as low as 28.5 
iiichcs. Isobars in dotted lines hiwe therefore been 
clrmvn on tlie ilia IS on this basis, sliowing the passage of 
the st,oriii over t ll ic Gulf of hlesico, alt.liougli only a few 
scnt,tered repor bs mere andiible, and they for points nt 
zz tliat.niice from the center. 

This storm prored to be somcwliat of an exception to 
tlie rule for the prcssure conilit,ions tiint prcvnilecl for 
n week or two previous were not such :is to indicate any 
probability of the devclolmient of" a t.ropic:d disturb- 
ance. It is true that 11ressurc had beon cluit,e high over 
niuch of the Uni:.c?il St,ates nntl the Nort,L Xtlnntic 0cc:rn 
cluring July, aid relet.iv-c?ly low over the easteni At- 
liziitic as indicated by rcports froiii t*lie Azores Islnncls, 
but during the first decwle of August theso coiiditioils 
wcre renxwcl ovcr t,he Atlantic States aid bhe m~esteru 
portion of thc Atlantic Occmi, nlt.houg1i not decidedly so 
nror the ocean w-liere t.he prmmrc -:;.;ns st.ill slightly nbore 
normtl. Thus, its has been said, there was nothing to 
indicxtc thnt couilitions \vcre f : z~ .~ rdde  for the formition 
of a tropical storni, nor, should one form, was there any- 
thing pronounced to intliciitt! its direction of progwsaioii, 
whether iic)rth~~.~st\~-arcl to the south Atlanbic const or 
westward to the Gulf of hlesico, t,lie slight prepoiidertincc 
of pressure over the North Atlantic i iu t  having been SUE- 
cient to ciinble this fact to be determined. 

The storm was first ohscrved on thc iiiorning of August 
10 betwecn tolie Wiiiclwarcl Islands of Btirbidos and Dom- 
inica, and at a. ni. 011 t1i:tt dizte the first warning 
notice of the storm wris sont t.o West Indian stations. 

. in. siniilar information w.ns sent to all Atlantic 
At and "8 ulf stations of the Weiztlicr h r o u u ,  and in aclcli- 
tion the inforniiztion was clisseniinnt.cd by the rizdio st.%- 
tioii a t  Arlington, Vn. Nothin niorc dcliiiito froni the 
sceiic of troulde was received ( uring t,lie dng! csco I t  n 
s )ccinl report, at, 4 p. ni. from ltoseau, I)oniiiiir.:z. N- iich 
s H cIwcd a baronioter reading of 39.46 indics, with light 
air f r c n  the northwest.. On the morning of August 11 
thc! dis turbance WRS apparently near ant! south of tho 

Figures 1-12 (SLIII, 03-103), at t \ i e  bizck of this REVIEW, 

! e 
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island of St. Crois, at  about latitude 16' N., lon itude 
66' W. At this tinie the barometer at  San Juan, $. R., 
read 29.60 indies with a gale of 60 miles an hour from 
the northeast, indicnting a much lower pressure to the 
southward, nncl pressure was faUinm mor0 rapidly to the 
westwnrcl. ns intlic:nt.ec-1 by t.he oKsewntions a t  Santo 
Doniiiiw~, Snnto I>omingo, m c l  Port! :tu Prince, Haiti. 
The fofiowing iiifomi:ition wi.s then distribut,ed over the 
West Indics gciicr:i.Ily iuid to A t h i t i c  ancl Gulf ports : 

Fevi.:ic~ri:lpir:1I disl.url!:mcc ai.  P :I. 111. :i.pp:irently central near islanil 
of St.. ( ~ O L S .  111ov11lg \i-r.~t-ni:i~.t . l l~~vctui.  15 ( ~ ~ 5 0  miles and hour. Will pr011- 
:ii.ly ci'os S:i.nto borningo mu! 1Init.i. renrhing southeastern C!ul:la a1 iout 
Th~ursday night or Piiclay ( ,ALI~ .  13-1::). 

On t,he nioiiiing of the 12th the storm was central a 
short distance south of Haiti a t  about latitude If', longi- 
tude 73'. The baroniet,er rending at  Port nu Prince was 
39.60 inches :tnd the highest wind velocity was 32 miles 
an hour from the east. E h - e v o r ,  re orts of damage over 
the southern portion of t,he Xspub F ic indicat,ed trliat it 
sewso gale iiiust hit\-<! ocourrecl tliere with much lower 
pressur(?. On the sime iiioriiiiig the barometer rending 
at Kingstim, J:tiilnicil, was 29.68 inches, and northerly 
gdes ~ w r c  reported e:wt of tho island. Tlie wind a t  
ICinpton w:~s tjhm light nortliwcst, nnd pressure was also 
f;dlii?g t>o tlic westward and nort,liwestwa,rd, Songo hear 
Santmgo) , C!iiba, reporting a 1,:irometer reading of 29.SO 
inches, a f d  of 0.16 inch 111 21 hours, with light nortmheast, 
winds. Vi7;miings were again issuccl at  about 10 a. ni. to 
the effect t,hnt t,he tropical storni was apparently central 
near southwest. Haiti, moving :t little north of west, and 
thnt it would probably rcnch sout,heast Cuba that (Thurs- 
day) night. Observations taken a t  12 noon of tlie 12th 
indicated tlint the storin center was nem the east coast 
of Jnnin.icrt, moving a little north of west, aiicl aclvices 
were iasuod ~ocmdinglj- to all Gulf and Atlantic ports. 
and : ~ I . I  tm Kcst. 1ndi:ui points t,liat were likely t.0 he 
nflectccl. 

During tlie night of tlie 12-1.3th the storm center passed 
north of the Island of Jamaica, nncl at  S a. in. of the 13th 
a whole southeast, gale was blowing at I<ing.-,ton. Forth- 
east storni warnings were then orc!erecl at  Key West :md 
Miami, Ha., arid aclvices issued stated that the storm 
would prohitbly reach western Culm Friclay night and 
Saturday, micl thnt hurricmie warniiigp mi lit be news- 

advised at  the same tinie to take every precaution neces- 
sary for safety. At this time the haronieter reading a t  
Key West was 29.93 inches, and the mind velocity 16 
miles an lic~ur from tlic east. Special observations re- 
ceived during Friday, the 13 th, indicated thnt the e t o m  
was nioviug RS forecast, and accordingly at  5 . ni., the 

cane, an11 liurricanc: wwnings were idso or&rec~ on tho 
southwest coast of Florida as far north as Boca Grancle. 
The warnings stated th;it ectsterly winds would incrense 
that night possibly rrwhiiig 1iuiTicane force Saturdity. 
All shipping and others interested were mwned to tako 
every precaution possible und resselv in port were warned 
to reniain there. 

On the morning of the 14th the  storm was apparently 
c e n t d  nmr the ~ s l e  of Fines, Cluba, with undiminishecl 
intensity and niol ing in a clircction a little north of west. 
Advisory \vitrlliiigs i~ that iiiorning, ~ l l i ~ l i  were sent to 
all interesiscl. sttitecl thub the storni would prolxrhly pnss 
into the CluH of Mexico that (Snturtlap) night. Ihring 
Fricla night the iiiasiniuni wind velocity u t  H a h i a  was 
5ti mi JI CIS an hour from the east. It was apparent that 

sary Inter. All interpstecl, and especially s B lipping, were 

warnings at  Kc.>- West and Mianii were clian~e if to hurri- 

during Sunday the storni center would robably reach the 
north-central Gulf of Mesico, and &If shipping was 
advised to take every precaution. St 5 p. in., Saturday, 
the lath, hurricane warnings were continued froni I h y  
West to Boca Grande, but were lowered at  Miami: as it 
was apparent that there was no longer any clai:ger of 
mirids of storm forcc nt thnt station. AS the nest  ~ i y  
would be Sunrlay. tho o!i;ciiLl:3 iii charge a t t  W'edipr 
Burenu stations were orclrrc.tl to I i i i h  nrrtu~gements .for 
Suiiilatg telegra h servicv in their districts In order t-lult. 
m y  warnings t K ats might he iicct1ss:trg coiild be rocoivscl 
and clistrihutecl properly. On the morning of the 15th 
the storm was itppurently contr:d in the south-central 
Gulf of Mesico nioving in a more northwesterly direction 
thnn before. Tho barometer nt all Cfulf stations was 
falling, and northeast storni wmiings were therefore 
ordcred on the Gulf coast from 1 >nlnrliicola, Fln., t o  Kewr 

stittions, were notified accordingby, u-ith warnings thnt dl 
iiiterosted should take e\-ery precaution for safety, and 
thatm all vessels should remain in port. 'l'lie special 01-wr- 
rations rocrivetl cliiri~ig S11lltliiy, the 15th. iliclicnted the 
nccessity of liurricmie \varnings on thn w-l?st8 coust, niitl ;tt 5 
1,. ni. Lhe northeast marning ut ;i'ew Orlcnns wtts changer1 
to hurricsne. md liurricme warnings w e r ~  Jwo orclcred :zt 
d l  display stations westward as far as Brownsdle, rl'es. 
A radio report, t:iken at  2 1'. 111. 011 tho S. S. A-l,ltilZos? at lati- 
t ide ?io, longitude W", showed ti barometer reading of 
29.54 inches with wind relocity of 7-1 miles an hour from 
the east, and anotlior radio report, taken at S p. in. on the 
same date, at about latitude 26.1ia, longitude S7.5', 
showed a barometer of 29.4s inches, with \mnd velocity of 
64 miles an hour from the east. On Monday morning, 
August 16, the storm center mas qqmreiit1-y ap ,roaching 

dpalachicola were changed from northenst to southeast. 
At this time the barometer at  Galveston read 29.G3 inches 
with niasimum wind velocity of 34 miles an hour from 
tlie northeast. The conditions continued to intensify, 
and bp noon the barometer a t  Galveston hac1 fallen to 
'39.43 inches with niasinium wind velocity of 56 niiles a;i 
hour from the northeast. The tide was risiii slowly and 

warnings were ordered continued from Snbine, Tes., to 
Brownsville, Tes., and the wnrnings at New Orlems and 
Morgan City, La., changed Eroiii hurricme to storm south- 
east, as i t  was appareiit that the winds af, these places 
could no longer ilicreitse, the niasiniuni wind velocity at  
Burrwood, La., at the mouth of the hfississippi River, 
Bein At  S p. in. 
Mon % ay, August 16, the barometer at Gdveston read 
29.10 inches with masiinuni wind velocity of 72 miles 
an hour from the northeast,, ancl heavy rain wtts falling. 
'i'he storm passed into the interior during tlie nimlit of 
August 16-17, and at 2 9 5  a. ni. Tuesday, August f7, the 
lmronieter at Galveston read 35.63 iiiches, with maximum 
wind velocity of 93 miles nu hour from the east at  2:37 
a. in. At 530  a. m. of the 17th the baroiiioter at Houston 
read ZS.30 inches, with a maximum wind velocity of SO 
miles an hour (estimated) from the northenst. 

Hourly haroluoter readiws were also made by E. E". 
Roeller at  Velasco, 'rex., &out 40 iuiles sout,hwest of 
Galveston and about, 1-1 miles southwest of Sail Luis 
Pass, where the stoiiii center first rr~ncliod the coast. 
The curve plotted from his readings forms figure 13. It 
shows that the lowest pressure, 2S.06 iiiclies, occurred at 
1 a. m. August 17, at which t h e  the wind backed from 

Orleans, La. -4.U Gulf stations, t ,oth regular and display 

the east Tasas coast and tlie warnings from ib fohile to 

the sea was escessively rough. At :3 p. in. t B ie hurricnm 

only 45 miles an hour from the east. 
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2S.56 
2 ~ . 5 n  
%.4S 
'LB.JO 
2R.34 
2 s .3  
28.24 
3.1s 
2s.14 
2s. 1s 
55.30 
3 . 4 0  
. I  "h..l6 . 
"S.50 
".ljO 
:%.io 
"8.20 
2!l. 4iJ 

north to nortliwest. The table following gives the pres- 
sure and wind direction at  frequciit intcmals during t.ho 
height of the stonn a t  Velasco.: 

TABLE l.-Baronicter r d i n g s  by E. F. Rorlla at Tilnseo, Tix.. d w i q  

[Corrwtlon of +O.OS inch to be applied.] 

illlg2LSt 16 nnd 1;. 1915. 

n. 
n. 
n. 
n. 
n. 

n. 
11. 

11. 
IIW. 
11w. 

n\v .  
w. 
w. 
\\'. 
W. 
s\v. 
s\v. 

nw. 

Date and hour. 
[YOth mer. time.] 

I 
\ 
I 

I 
j 

Aug. 18. 1816. 

1:20 p. m.. ......... 
2OOp.m ........... 
220 p. m.. ......... 
2:s p. m ........... 
3:15 p. m ........... 
3:30 p. m. .......... 
3:s p. m. .......... 
4:lj p . m  ........... 
4:30 p. m. .......... 
5:oop. m ........... 
5:30 p. in.. ......... 
6:ln ]1.111.. ......... 
!:40 p. m..  ......... 
,:M) p. 111.. ......... 
7:20 p. m.. ......... 
i:15 p. m. .  ......... 
w p .  111. .......... 
X:50 p. N. .......... 
9% p. m.. ......... 
Y:?S p. m . .  ........ 
!,:m p. m . .  ......... 

1030 p. m ........... 
10:5il p. m.. ......... 
11:IOp. ni ........... 
1 1 : ~  p. ni ........... I 
1":OO p. m.. ......... 
1225 8. ni. 
m e .  ni 
1:311 a. m.  ............ 
1:50 a. 111. 

IMO p. 111.. ......... 

i.:in 3. ni ........... 1 
I .......... ............ 

........... 

Barometer 
reading. 

Incip.  
-9.40 
2s. .% 
29.30 
2s. 34 
29.30 
29.28 
2L.. 24 
29.1" 
29.20 
29.1s 
29.14 
29.1'2 
L3. os 
2s. OB 
29.02 
28.98 
2s. g4 
2s. 90 
23. F% 
2s. w 
2s. 74 

ne. 

ne. 
ue. 

ue. 
ne. 
ne. 
DP. 

ne. 
U. 
n. 
U. 
11. 

11. 
11. 
11. 
11. 

11. 
11. 
11. 

n. 

n. 

This reacling of XOCj iiichos was not by m y  iiie~iis uii- 
reccdonted, as numerous readings below 2Y inches hnm 

!em rocordecl during severe stoiiiis in differciit p u t s  of 
tho world. During more recent years probably the lowest 
recorded pressure was 27.24 inches. This observat,ion 
was taken on tlie schooner Ponayc, lying at anchor at 
Wlen, West Caroline Islands, at  10 a. 111. March 39, 1907, 
and was noted by a g u 6  in the E/lontlily Bulbtin of the 
Philippine Weat,lier Bureau for March, 1007. 

FIQ. 1 

~ 

-Plot of corrected aneroid readings (inches) by E. F. Roeller at Velaseo, Tcs. 
August 16-17, 1015. 

At S 8.111. Tuesday, August 17, tlic barometer at. Galves- 
ton read 29.18 inches, w-it,li t,he wind blowing 52 miles an 
hour froiii t.lie northewt,, u-liilc! at, 1Ioust.on t,liL! mntliilg 
was 35.72 inches, with a wind of SO iiiiles an hour iisti- 
mated) from the southeast,. Torrential rains litid fallcn 
at both places and were est.ciiding int,o the iiit,erior of 
east Texas. The s t o m  then recurved t,o the iicirt~liwarcl, 
with high winds over the interior of east Teslzs, reaching 

a masimum of GO miles an hour from the north a t  San 
Antonio during the day. There was no occasion for 
further wnrninga, and those tlist wcrc still clisplnyed were 
allowed to ospiru at  5 p. 111. Tuesdt;y, Ahgust 17. On the 
morning of August 1s the storm was ct+ntral over the 
northern portion of east Tesns, with a ?)n:.oi?ic!tcr roading 
of 29.50 inrhtbs at Fort Wtlrtil aiitl D:I!~:L<, n-i th northe:ist 
gdes of 44 to 4s Inilcs a11 hour cmi! with heavy rains. 
\.Varnings of high winds f o r  tlla iiilcarior of etist Texas had 

FIG. 1 

-~~ ~ 

-Bnrogrum (inches) at Galvestan, Tex., u003 August 16 to 3 p. m. August 17, 
1915. 

been issued on the aft.onioon of t>lic 17t.h. During tlie 
nost 24 hours t,he st,nrpi iiiorcil w r y  alrimly t,(? es trcme 
northonst Tcsas with soiilo\vll:ktr cliinliiiehcd inbensity, 
but witli 1ien.v~~ rains cont.inuing in t1i:tt vicinity niid es- 
tending into ArliaIisas. Tho st.orm \\-:is now mooing 
iiort.licaut.,viird, nnd isii t.!w iiioniing of t,he ?Mi was cent.rl 
over sout.licast, Miusowi :i-it.h S O I I ~ C W ~ I  at, incrc!asc?cI iiit,t?n- 
sity, nnd henvy rains l i d  fnllm in ~~;outhoiii and eastmi 
Missouri, t,he Ioww Ohio V d l ~ y ,  and west TOII I~C~F~B,  nrld 
nort~liewt,el;lg galles pr(?wi!.i?cl :i,t, 8t. Louis. During t,lie 
iics t. 24 hours the at.nrai 1110 vctl P!owly t.0 st:~ut.lierii In- 
diuna, ngnin wit,li diiiiinishing intensity, hut wit,h general 
ruins and soiiie high winds to tho sout.licnst,mard. It 
t,lit!ii contiuucd it,s ~it~rt.lionstwa~d niovoiiiciit~ wit,li stoarlily 
diiiiiiiishing iiitensit.p, hnt, with generid :tiid, in iiisiiy 
places, heavy rains, aucl mi the iiiorniug of August 24 was 
passing out into t,Iic! Gulf of St.. La\:-runcc, with a Laroiii- 

r reading of 3O.SO iiiclw :it. Fat,hc.r Point.. 
The hourlp hnronietric. prc.zsurc?s at Galveston and 

Houst.oii during t,he pnssage of t.1iP stimii 11e:i.r those st.a- 
tions are sliim-n in t.he h:n~igr~!is, figures 14 x i c l  15. I t  
will he seen that :it Chlvest.on the pwsure full from noon 
to 6 p. in. on hfondny, h g u s t j  18, was unifori?i at  the rate 
of 0.06 inch an hour. 1 d ' r o ; n  6 1'. 111. to 10 1'. 111. t.he fan 
mas a little inore rapiil, rm~iiip: froni 0.0s t.0 0.13 inch mi 
hour, and the pressure fell hclow 30 inches for t.he first 
time shortly after S p. 111. F r ~ ~ t i  1 0  1). ~ii.: x-lim the re- 
duced hwomet,er rand 28.52 inclies, until 2 :15 a. m., 
Auaust 17, at. which t.ime tlis lowest. rmiliiig of 28.63 
incEes was recoriletl, trlie rate of fa11 was less t.lian before, 
averaging, n little less thin 0.04 iiish xi1 h o u ~ .  Fmni 2:45 
a. 111. uiitd 9 n. iii., August 17, there w:w a recoverv at a 
iiiuch imre riipid rti.t.c, nhoiit. fl.11 inch i\ii hour, followed 
by a iiiuch slower rate of rise tlierecif ter. 
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At Houston t,he barometer fell a t  t41ie rate of about! 0.04 
inch an hour from noon until S . in., August 16, and 
much more rapidly t>liereafter, f n d q  tlelow 29 inclits a t  
about 12:30 A .  ni., August 1.7, about four nnil one-hnlf 
hours later t.lmn at  Galreston. Tlie lowest rending of 
PS.20 inches, or 0.43 inch lower than at  Galvest.on, m:ir 
reached at, 5 2 5  n. 111.. August 1’7, towo hours m(-l forty 
minutes Inter t . i m  at  Galvcat,on. Froiii S 1). in., August 
16, to 5% 11. in., August 17, t,bo tot.al fall in pressure WI.S 
1.18 inches, t i l  aver&age of about 0.125 inch an hour. 
From 3 a. 111. to 5 a. ni., August 17, the fall w t i s  0.4’7 inch, 
an average of iI.335 inch an hour, while t.hc grentest fall 
during a sing114 hour :v:i.s 0.30 inch from 4 8. m. to 5 t i .  in., 
August, 17. At Gn.lveston the greatest f d l  in any one 
hour, 9 p. 111. to 10 p. m., August 16, was oidy 0.12 iwh. 
These figures show that t,he actual stonii center p:iwxl 
much closer tcr Houston than to Gdrestou? and, accortl- 
ing to the wind direc.tions (NE., E., SE., and s.), a little 
to the soutlimrd and westwnrd of both st :I t’ 1011s. 

Fro. 15.-Barogram (Inches) at Houston, Tex., 8 a. m. August 16 to 12 p. m. August 
17, 1915. 

As nearly as can be determined the s t o m  center reached 
the coast of Tesas near San Luis Pass, a t  the end of West 
Bay, about 26 niiles southwest of Galveston, at  about 
1 a. in., Septeinber 17, shortlv after which its alow recurve 
to the northward and northeastward began. Tlie es- 
treme western point of the path was reached between 2 :30 
and 3:40 a. ni., very near and presumably a little to t.he 
westward of Sandy Point, Tex. It was next definitely 
located a t  about 4:50 a. ni. southwest of and very close 
to Houston, TGS., with a movement slightly east of north. 

These deductions are based upon special reports re- 
ceived, mainly, after the nssage of the storm, and the 

that accompanies the shift in wind direction occurred as 
the storni center passed. At a point about 5 niiles north- 
east of Sandy Point the calm lasted froiii 2:30 until 3:40 
a. m. The time consumed by the stonii center in travel- 
in from the coast to Houston, a distance of about 60 
n d es along the curved path, was very nearly four hours, 
making the average rate of pro ression 15 niiles an hour. 

Utes, or one-third of an hour, it  may safely be assunicd 
that the diameter of the storm center was one-third of 15, 
or 5 mileu. Some confirmation of this is found in the 

center is assuiiied to have f een where the lull, or “calm,” 

As the calni mar Sandy Point 4 asted about twenty miii- 

8973-1-3 

official report from Houston in which was stated the fact 
that in Houston the broken and uprooted trees 

they pointed to the north and northward, indicating vio- 
leiit winds in o posite tlirections within a distance of 6 
miles, froiii irliic?i it  niay bo inferred that the storm center 
could not have been more than 6 d e s  in diameter. 

l he  stomi miter evident,ly passed over Cape San 
Anbonio! i!ui>a, about 2:30 p. ni. A u p s t  14, as at  that 
t.inic n calm prevililrcl, continuing with heat, and mist 
for about one-half hour. Thc lowest baroimt,er at  the 
Isla of Pines! Cuba, occurred a t  3 a. 111. August 14, so 
thnt the rat,!: of travel of the storm center l>et,ween that 
place and Cnpc Sail Antonio was iIbout 13 miles an hour. 
As it  occ.upild onc-half hour in passing over Cape San 
Antonio, tht. dianietrr of t.he center was npparentl about 
6;3 niilcs, a very close agrcenicnts with t,he results o x tained 
between Sa11 Luis Pass and Houston, Tes. 

The fol1o;;ing extract rccnrcling the conditions pre- 
vailing over the Gulf of 3hsico was miide from tlie 
report of Mr. W. P. Stewart, oiEciicinl in charge of the 
local office of t.he Weather Bureau a t  Galveston: 

The recording tide gares of the Uiiited States Engineers at Fort 
Point and of tlie Unit.ed‘-States Coilst Survey on the wharf a t  Twen- 
tieth Street were csried away by the storm together with their records. 
There i A .  tliertf;.lre. no oifcinl record of the tide. A measurement by 
the United Stzies Engineers a t  Twentieth and Strand makes the high- 
est. point reaclicd 11.965 feet above mean low tide. It a pears’ to be 
t.he universal 1.1 inion that the water was somewhat higier than in  
1900. A t  2119 Fost oifce, the highest wat.er in both stornis is chiseled 
on t.he wall and the record of the recent storm is 3.5 inches higher than 
that of 1500.6 

A t  ita highest the water in the retail business district was approxi- 
mat.ely 5 feet :Lbove the street level, the streeta being about 6.5 feet 
above mean lo-x t,ide. At  the American National Insurance Co.’s 
building it was 5 feet 6.5 inches; a t  2110 Avenue E, 4 feet 9 inches ; 
at  Tusaup Grucery Co.’s store, Twenty-second and Post office, 4 feet 
11.5 inches; a t  Twenty-second and Mechanic, 5 feet 2 inches; a t  Union 
Depot, 6 feet. In  that art of the town where rade has been raised 
i t  was of coiirse not so &ep. At Twenty-secon8 and Q it was 2 feet 
7 inches; a t  the county courthouse, 4 feet 11 inches above the street 
level a t  the curb. 

During the morning o€ d u y s t  15, there waa a light southeast swell 
on the Gulf coming in against a light northeasterly wind. The tide 
was slightly above normal and it w a ~  noticed that it did not fall when 
it should have done so. During the afternoon it roae slowly and the 
swells noticeably increased. Durin the earl hours of the 16th the 
tide rose about 0.3 foot an hour an% by daygreak the sea waa very 
rough. A t  6:30 a. m. the tide was 4.1 feet and about s h t ~ o n a r  ,but  it 
rose slowl after that time and the aea became increasingly rougi. Dur- 
ing the a6ernimn of the 16th and for 36 hours thereafter it waa exces- 
sively rough. The water began to back in  from sewers on down-town 
streets about noon. -4t first it m e  very slowl and it WBB 6 p. m. 
before the streets in  the business section were allcovered. After that 
time it rose more rapidly and by 9 p. m. the water waa 3 feet deep at 
Twenty-third and Post office. Durin the late afternoon the street- 
car and elechic-light services suspeujed operations and during the 
early part of the night the gas and water semces failed. The tide waa 
highest about the climax of the storm, a little before 3 a. m., Auguet 
17. At daybreak it had subsided about 2 feet and the water was again 
3 feet deep on the street a t  Twenty-third and Post office. Thg tide 
fell slowly and there was water on some streets until the mornrng of 
the 15th. 

A curious, although entirely natural, se uence of the 
storm was the hi h temperature that prevai 7 ed along the 

the winds first shifted to landward, the fay1 in temper- 

toward t,he simt41iwest, while 6 i d e s  sou tliwest of 

r i  

southern coast o B Tesas, beginning with Auoust 15 when 

# While the water wa3 3.5 inehes higher at the post offire in Galveston than in 1800, 
the hizhest tide of 11.9155 feet does not ap ear to have been as hlgh ss that of the starm 
of 1 ~ w .  asriming that the statements of br. I.* 116. Cline regarding the latter are correct. 
Dr. Clinesai! !YONTHI.Y WEATHER REVIEW b p t .  1900.58: 3731: 

Avonue (Twentr-fllth Strect) and Q Street where my rebidence stood. The gro% 
was 5.3 feet elebaiion, whlrh made the tide 15.2 feci. ?he tide rose the next hour, 
between XI3 and ‘-:isJ p. m., nzarly 5 feet alditional, making a total tide in that locality 
nf about 20 feet. l’hese nlmrvatinns were carefully talien and represent tu within a 
few tenths of a fmt the true conditions. Other pzrsonal observations in my qlclnity 
cmlrm lhesa estinmtes. The tide, however. on the bay or north side of the cit dld 
n?t obtain 1 height of more than 15 feet. It is possible that there was 5 feet of Eack- 
water on the GulI side as a result of d8briris accumulating 4 to 0 blocks inland.” 

I’ * * * lhc  water had now reached a itage 10 Ieet aboye the groundat Rosm 
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Maslmum temperature 

Cor us Browns- 
Chreti. I vale. 

during day. 

ature that usually follows the passage of a storm center 
over or near a given locality having been entirely absent. 
In  this instance the wmds blowing from a warm land 
area brought with them the high temperatures that pre- 
vailed over the interior districts, and the condition ier- 

to the southeastward. The following data show the 
conditions a t  Corpus Christi aiid Bromisville, Tes. , from 
August 15 to 20, mclusive: 

sisted until the wind again blew from the water su J ace 

Wind direction 
at s p. nl. 

Cor iu Browns- 
Chrgti. I yille. 

Date. 

Aug. 15 .............................. 
16. ._ . -. -. . . -. . . . . . . . -. -. - -. . . -. 
17. _ _  . -. . . . . -. . . . . . -. . -. -. . . . . . . 
18 .............................. 
19.. . . . . . . . -. . . . . . . . . . . . . . . - . . - . ao.. . . . . . -. . -. . . . -. -. . . . . . . . . - . 

-. -. . . . . . .. . . 

___- 
OF. F. 

91 I ns. n. 

97 a 1U.l nw. 
o loo a 1M b s0. 

% loo s. 8. 
90 

94 97 nw. I E\*.. 

9!4 se. I s. 

I :i. 

.. ._ .- . . . .. -. . - . 

CASUALTIES. 

The casualties resulting from the storm were of minor 
character east of Santo Doniingo and Hait.i and were 
confined to sinall shippino. At Fort cle Frrtnce, Msrti- 
nique, the docks were floo&d and merchandise destroyed, 
while a t  some of the other islands of the Lesser Ant>illos 
there was some damawe to .small shipping. Over the 
southwestern ortion of Haiti real disaster to crops, +c., 
was re orted, B ut, so far as is hiown, without loss of life. 

and the banana cro wps-said to lave been claniaged to 
the extent of severa !i millions of dollars. There were no 
serious disasters to shipping hi the Caribbean Sen re- 
ported, and to this fortunate condition the warnings of 
the Weather Bureau doubt,less contributed in great 
measure. 

Over estreme western Cuba, which was in the direct 
path of the storm, the damage was inuch inore scrious, 
and a t  Cape San Antonio, on the extreme western end 
of the island, not a house was left standing. The radio 
station, the steel tower, and the lighthouse were blown 
down and the entire meteorological equipment of the 
Weatker Bureau destroyed. Fourteen lives were lost. 
The schooner Roncudor was total1 wrecked, but without 
loss of life, and the schooner Exp 9 o ? w  was dismantled. 

There were no serious disasters in the east Gulf of 
Mexico, although several disabled vessels came into or 
were brought into Key West. There was only a niod- 
erate gale a t  Key West, but a t  Salic1 Ke 8 miles to the 

The eatest marine disaster was the loss on August 

steamshi Mnrouijne, of the United Fruit Co., from 
Belize, iritish Honduras. Notwithstanding the fact 
that the steamer was equipped with radio apparatus 
nothing was heard from her and she must have been 
lost together with her passengers and crew, numbering 
in ah 9 6 ~ .  The vessel was valued at $4300,000. 

The sc ooner Lydia iU. Dcoring, from Sabine, Tes., for 
Boston, was lost several miles south of Mobile, and the 
ca tain and two members of the crew perished. The 

was wrecked in the Gulf, but her crew was saved. The 
iishing smack Nettie, Fmnklin, of Pensacola, was wrecked 
in the northwest Gulf and two of her crew were lost. 

r Over t 7l e Island of Jamaica heav gales were reported, 

southwestward, there was a 60-mile sout l? east gale. 

13, pro r ably in the Yucatan Channel, of the American 

sc E ooner Dora Allison, from Progreso, Mexico, for Mobile, 

The losses on the Louisiana and Texas coasts and in 
the interior of east Tesas were such as might have been 
ex ected from a great storm. 

gver southern Louisiana tliere was no loss of life, while 
the property loss probably did not exceed $1,000,000. 
It was confined mamly to the rice crop and to live stock 
in the marshes. 

The greatest loss of life and property occurred in the 
vicinity of Galveston, and froiii thence northward and 
westward for a considerable distance. The total loss of 
life was 375, to which the cit of Galveston contributod 

Sun Beirzcwd and the tug Hclcn Hcrult.rson, 69. One 
huidred aiid two persons were reported as missing, but 
it is probable that many of these were later accounted 
for, We quote again from the report of Air. Stewart: 
Of the damage resulting from the direct force of the wind probably 

the sinking. wrecking, or grounding of vessels of all sizes caused the 
greatest nioiietarv 10s. There are still (August 27) 11 large veeaela 
a~round in  this 'immediate vicinity. and several hundred vessels of 
a71 sizes were wrecked on the east Texas and west Louisiana coasts. 
In addition to the wrecking of vessels and the destruction of wharves 
and slieds along the harbor front, there WAS an enormous amount of 
compwatively minor daniwe due to the direct force of the wind. 
Windows were broken, ana trees, outbuildings. and fences blown 
clwvn. Of the ornamental, or shade trees. the oaks snffrred the most 
and the palms the least. The leaves on all deciduous trees are with- 
ered and dry since the storm. and are falling. The loss from breakage 
of plate-elass windows in the business district was considerable, aa 
was the7oss from damage to roofs, windows, and chimneys in  the 
residence districts. 

A large psrt of tlie property damage in this storm resulted, not from 
the direct force IJf the wilid, but from tlie high tide which tlaoded the 
business district to n depth of from 5 to 6 feet and damaged stocks of 
gwds i n  both the wholetale and retail districts. Great property loss 
waa occasioned by washing of mid from under buildiiigs. causing their 
overturning or cullapse. The seawall which protects the city on the 
emt and south lxla a height above mean low tide of 17 feet. Reliable 
observers my that wheu the waves receded. leaving the sea momen- 
tarily calm outside the wall, the water stoud about 30 inches from the 
top. Then, when the larger waves came, an eiiormous amuunt of 
water watl projected over the wall. This water washed the a n d  from 
under the brick mement of the seawall boulevard, practically de- 
stroying i t  for 30 %leks. The sand filling or " made ground" inside 
the seawall bonlevml sloped upward toward the center of town. This 
sand fill had a width of YO0 to 400 feet, a depth of 17 to 23 feet and a 
length of about 2 miles, and was designed to cause the flood waters to 
flow back into the Gulf. However, it was covered with soil or sod 
only in a few small patches and wherever not so protected it WILB 
washed by the incoming waters back iuto the town and from under the 
numerous dwelliny that covered it. I n  this way approximately u)o 
residences were undermined and more or leas seriously damaged. 
Some were entirely destroyed and nearly all were rendered unfit for 
habitation. Isolated caws of undermining of houses also occurred in 
several sections remote from the Gulf front. The sand witshed away 
from near the beach was left farther inland. Some of the street pave- 
meuts and most of the lawns in  the southeastern part of town were 
covered with sand to a depth of from 2 to 5 feet. About Six blocb of 
single track street railway was uzlderlllined and destroyed. 

At Fort Crockett the damage is estimated at over half a million 
dollars. The sand-protected forts were nearly demolished and the 
sand filling of the military reservation was badly washed. The loss of 
miiitary equi ment waa also considerable. 

Of the 250 games on Galveston Island outside the protection of the 
seawall probably not over 10 per cent are left standing. That there 
were not more fatalities i n  that section was due solely to the warninge of 
the Weather Bureau. 

Serious loss resulted from several fires that broke out during the 
night of the 16th-17th. Along the Gulf front all the structures outside 
the seawall were destroyed by the storm. The causeway that con- 
nected Galveston Island with the mainland wm badly damaged. The 
central part of the structure which consisted of concrete arches did not 
suffer severely, nor were the dirt and oyster shell approaches at either 
end seriously damaged, but those Tprtions connecting the central 
arched section with the shore on eit er side-each nearly a mile in 
length-were demolished down to the solid concrete structure that 
stands slightly above mean tide. It has been estimated that the cost 
of repairing or reconstructing the causeway will be approximatel 
$5OG,OOO. The practical destruction of the causeway waa accompsnid 
by the loss of portions of the water main which brought the city water 
supply from arkxian wells at Alta Loma. There WBB no city watar 

11; Galveston Island, 43; anc T the dredges Houston and 



FIG. 16.-Galveston hurricane of August 16-17 1915. Wrecked Casino and Columbo Cafe at head of Twenty-third street. 
te blocks, each weighin; 20 tons, driven across the street from the balustrade of the sea wall by 

Fre. l7.--oslmton harrloane of A 16-17,1911. North end of the causeway h k h g  toward VirpintS Patx@ Railroad, 
showing the demolished em%%ment 6U; on the right I3 the dredge Eowton thrown upon the camway. 



M. W. R., August, 1 [To face p. 410.1 

a 
FIG. la-Galveston hurricane of A u r t  16-17,1915. View of the break in the embankment flll portion of the causeway, 

middle ground. The arched-bridge prtion of the causeway, 1,700 feet, remains rurban cars 



M. W. R., August, 1915. 
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FIG. B.-Damage to  First Christ Church, Houston, Teor., Augast 16-17,1916. (Howerton, photggrapher.) 



M. W. R., August, 1915. [To face p. 411.1 
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from the ni ht of the 16th until the morning of the 26th of August. 
There was h e  actual suffering on that account, however, as water 
for cooking and drinkin purposes was obtained from cisterns and 
eeved artesian wells in $e city 

Post-office inspectors re ort the destruction of the post offices at 
Chocplqte Bayou, . Glen, %emah, Lynchburg. Quintma, Tomball, 
Wallisville? and Winfree. Tex.. with all contents. 

The greater portion of the Marconi wireless station fell acrosa and 
wrecked the building in which the station wm located. The only 
telegraph service in or out of Galveston from the evening of the 16th 
of August until the morning of the 2lst was by radio from tlm U. S. 
Army transport Buford. 

It has been estimated that the damage from this storm to crops, 
buildings, railroads. shipping, live stock, and other pr0pert.y will 
aggregate close to ~50,000~000, but these figures are probably much too 
lape. Of the total amount approximately $6,000,000 occurred at 
GaTveston. 

In  the city of Houston the damaoe amounted to about 
$1,000,000, mainly to buildings, ra%onds, telegraph and 
telephone lines, and nearly every building shared in the 
damage. Crops in fully one-half the State of Tesns 
suffered severely. Near1 all open cotton was blown 

by the wind and rain. 
Beyond the State of Texas tliere was also considerable 

damage b high winds as far as the lower Ohio Valley, 

:anlage TVM caused by the severe floods resulting from the 
torrential rains that estencled from Testis northeast- 
ward to New Tork. These floods se.riously injurocl the 
crops in nian-y localities, while in ninny others where 
there were no floods, the heavy rains bent down the 
standing crops 

away, and much cotton, P ate corn and rice was flattened 

articular r y over eastern Missouri, but much greater 

COMPARISON WITH THE STORM OF 1900. 

Figure 1 (xLm-9fZ) shows the paths of the storms of 
1900 itnd 1915. An inspection of these pstlis discloses the 
fact that the total time ,occupied from the first to the last 
appearance of both stornis within the field of observation 
was esactly 14 days, and that the stoi-ni of 1900 moved 
with a slower \-elocity of progression before reaching its 
recurve than after, whereas in the stonn of 1915 the 
reverse was true. The two paths are very siiiiilnr in 
man * res ects, although that of 1915 la n little to the 
soutiwari of tliat of 1900 until t ~ i a  St. Zawrnce Valley 
was reached. In previous published reports on the storni 
of 1900 the storm path shows a strong deflection toward 
the southwest Florida coast, but reports received from 
vessels and other sources after those publications intll- 
cated the fact that this deflection to the right was not 
so strong as has been supposed, and the track as here 
charted is thought to represent more nearly the true 
conditions. It was carefully plotted from all avai1:ible 
observations. As to the comptwative intensities of the 
two stornis, it is perhaps idle to speculate. The wind 
velocities were not greatly different, and tlie effects of 
the two storms were inucli the S R ~ W ,  escept ns niotlifietl 
by artificial conditions in the vicinity of Galveston. The 
barometer reading of 28.45 inches at  Galveston in 1900 
was 0.15 inch lower than the lowest reading recorded in 
1915, whereas the lowest reading of 25.20 inches at  Hous- 
ton in 1915 was 0.25 inch lower than the lowest barometer 
reported in Galveston in 1900. Unfortunatcly there are 
no records froni Houston for the year 1900, and a precise 
comparison can not be made. 

THE WORK OF THE WEATHER BUREAU I N  CONNECTION 
WITH THE STORM. 

If one may jud e from press reports and letters re- 
ceived at the Weat f er Bureau, the warnings issued were 

the most coniplete and successful ever issued by the bu- 
reau for a tropical storm. Granting this to be true, it 
must not be assumed that the thoroughness and efficacy 
of the warninas were alone due to the work of any par- 
ticular indivi$ual. I n  very large measure the success in 
forecasting the path and rate of the movement of the 
storni was rendered possible by the splendid radio service 
which has hccome a valuable adjunct of Weather Bureau 
forecast work since the last severe tropical storm. While 
it is true that no reports were received from the imme- 
diate vicinity of the storm center, probably because the 
warnings kept the vessels away, those that were received 
after the stcwiii passed over estreme western Cuba were 
sufficiently ciose to the eastward to afford extremely val- 
uable assistance to the forecttster, while the almost total 
absence of iniportant marine disasters bears abundant 
testimony to the efficiency of tlie warning service by 
means of the radio distribution. There were no useless 
warnings.. T-ie storm did not reach any locality that had 

issued for any locality that the storm did not reac T. were 
not previously had ample warning, and no warn 

However, the splendid efficiency of the radio service 
can not and does not detract from the equally efficient 

the &st Indian and Gulf coasts. The distribution o I work erfornied by the Weather Bureau stations alon 

t,he warninw.: was as widespread and coniplete aa human 
ener y co&L make them, and this service undoubtedly 

Along the Lwisiana coast the cordial and effective co- 
operation of the telegra h and tele hone services and of 

Ecal office of the Weather Bureau at  New Orleans to 
ninke a, wontlerful distribution of the warnings, while the 
official in chnrge at  Galveston and the storm warning 
displnynian nt Seabrook, Tes., by supplementing the 
official waiiiin b personal service to individuals saved 
ninny liundrc. $ " P  s o lives. It was fortunate also for all 
concerned that during the first four days of the storm its 
center was sufficiently close to the stations of obser- 
retioii to eii:diIe the forecaster to indicate its velocity 
of niovenient with inuch greater precision than would 
have been possible had the stonn center been at  a con- 
siderable dlstance from land. This is an additional rea- 
son for the establishment and operation of many more 
stations of observation in West Indian waters, especially 
in the vicinity of Panama, if the Weather Bureau is to 
be able in the future to forecast the approach, rogres- 
sion, and ilitriisity of West Indian hurricanes for $e bene- 
fit of the coil-tucrce and the military establishment of the 
'United Stntcs. This same thought should also be ex- 
tended so as to comprise a more enlarged radio service in 
West Indian watem The radio service now conducted 
by the Weather Bureau in cooperation with the Navy 
Depiwtinent, and coinmercial organizations is extremely 
effective and valuable, but it is confined entirely to the 
waters of thc westeiii Atlantic, the western Caribbean, 
and trlie Gulf of Mexico. Reports are rarely received 
froiii the eastern Caribbean, but with the extension of 
the comniercial activities of the United States in the days 
to conie it is to be ho ed that this field will be covered 
as cmefully and as fu 8 y as are the adjacent waters. 

It is a pleasure also to make grateful acknowledgment 
here of the services rendered by Sefior Luis G. y Car- 
bonell, chief of the meteorological service a t  Habana, 
Cuba, while the storm was passin through the Carib- 

re uest for special observations from various points in 
CAa, often a t  inconvenient hours, and the data were of 
great assistaiice to the forecaster. 

savec 9 niuny lives and a considerable aniount of property. 

rivate individuals enti l led the o P cia1 in charge of the 

bean Sea. Sefior Carbonell respon c f  ed promptly to evcry 
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